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Conclusion  Comparative se-
quence analyses of zoarcid con-
geners revealed patterns of a dif-
ferent thermal adaptation at the 
molecular level although their 
mean habitat temperature differs 
only by ~10°C. The compositional 
biases of cold-adapted proteins 
and DNA/RNA support an increa-
se of molecule flexibility at the re-
spective levels. These trends pro-
mote optimized reaction kinetics 
at low temperatures trough less 
stable transition states in reaction 
processes shaping the thermal 
plasticity of organisms at a 
deeper level. Finally, these data 
highlight another aspect of spe-
cies‘ vulnerability of cold-adapted 
organisms in the context of the 
ongoing climate change.
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Introduction  Adaptation of ec-
totherm organisms to the key 
abiotic factor temperature can 
occur by the development of ad-
vantegous traits at different 
levels of organization [1]. Since 
all biological processes are sub-
jected to the same physicoche-
mical paradigms (Q10-rule), the 
composition of biological macro-
molecules is likely to be affected 
as well. Hence, proteins and nuc-
leic acids may also contribute to 
a certain thermal plasticity and 
tolerance. 
Antarctic fishes have adapted to 
constant cold environmental con-
ditions for millions of years and 
provide therefore excellent study 
objects to evaluate evolutionary 
trends of thermal adaptation. 
Comparative sequence analyses 
with temperate species shed light 
on the molecular architecture of 
biological macromolecules in 
connection with species habitat 
temperatures.
Methods  DNA/RNA sequences 
as well as their respective trans-
lations were compared  between 
the Antarctic eelpout Pachycara 
brachycehalum and its  tempera-
te congener, the Northsea Eel-
pout, Zoarces viviparus through 
analyses of normalized   
transcriptomic cDNA libraries. 
Zoarces viviparus   
Pachycara brachycephalum
reads total 481,802 ~400,000
in assembly 338,993 349,102
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Translation, ribosomal structure and biogenesis
RNA processing and modification
Transcription
Replication, recombination and repair
Chromatin structure and dynamics








Intracellular trafficking, secretion, and vesicular transport
Posttranslational modification, protein turnover, chaperones
Energy production and conversion
Carbohydrate transport and metabolism
Amino acid transport and metabolism
Nucleotide transport and metabolism
Coenzyme transport and metab lism
Lipid transport and metabolism
Inorganic ion transport and metabolism 
Secondary metabolites biosynthesis, transport and catabolism
































Functions, differently represented in respective transcripto-
mes may indicate gene duplicati n events and distinct eta-
bolic demands. As a „genomic cale“, the functional distributi-
on of Gasterosteus aculeatus is indicated by green bars.
Amino acid 
usage















































Imbalances in the amino acid usage are pronounced by 102 
fewer ionic aa in P. brachycephalum reducing ionic interac-
t ons of proteins. A gain of 117 polar/neutral aa increases pro-
tein polarity as well as better solvent-interaction. However, no 
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In total 402,219 synonymous codon pairs were analy-
zed by means of a Within Canonical Analyses (WCA), 
revealing a trend of a A/T-richer composition of codons 












































































































































































































































































































































































































































































































































































































































 tat  tca 
 ttg 
 ttt 
The species-specific codon usage at the wobble position is not random at a significantce level of 
p = 0.0005, determined by a Fisher‘s test. This trend becomes visible in the WCA by a shift bet-
ween the blue and red ellipse representing respective codon usages. 
 abundant around Antarctica at   
 approx. 200 to 1,800 m depth
 annual water temperatures    
 fluctuate between -1.5 – 2.0°C
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 Channel up to the White Sea
 annual water temperatures   
 fluctuate between 4.0 – 21.0°C
